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Abstract 
Precision and semi-precision attachments have been 
utilized in fixed partial prostheses for many years . A 
review of the dental literature reveals a lack of clinical 
and laboratory information and their use in specific 
situations therefore must have been empiricly established . 
The purpose of this research was to contribute to the 
establishment of either a sound rationale for the use of 
precision attachments or, conversely, to an indictment of 
them based on factual testing under simulated clinical 
conditions. 
The results of the research comparing a fixed partial 
prosthesis with a semi-fixed partial prosthesis containinG 
a precision attachment indicate that there is some 
looseness in the attachment which was reflected in a 
diminished force transmission through it to the abutment 
containing it. 
Clinically thi s may be interpreted that semi- fixed 
partial prostheses with precision attachments are at best , 
a poor alternative to completely soldered fixed partial 
protheses . 
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Introduction 
Clinical use of precision and semi-precision 
attachments in fixed and removable partial prosthodontics 
has been documented for almost a century. Judging by the 
dearth of information in the dental literature concerning 
them, it appears that their use has been empiric, rather 
than based on research. That l ack of information prompted 
this study which compares their use in a fixed partial 
prosthesis with the conventional soldered partial 
prosthesis. The results may help to form a rational basis 
for their use. 
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Review Of The Literature 
Precision attachments were first introduced in 
dentistry by Chayes1 in 1906 for use in removable partial 
dentures. The materials and techniques then used were 
primitive and inaccurate in comparison with modern 
precision attachments and materials. More recently, 
intracoronal precision attachments have been utilized as 
connectors between units of fixed partial prostheses. 
Although it is widely accepted that soldered fixed 
partial prostheses are stronger than prostheses with a 
semi-fixed joint, a review of the literature revealed a 
dearth of information pertaining to the use of precision 
attachme ts in fixed partial prostheses. According to 
Goodman et al2 , their use in fixed partial prostheses is 
--
indicated when: 1.) there is a lack of a common path of 
insertion of the abutment teeth without jeopardizing tooth 
vitality, 2.) the fracture potential of long-span 
porcelain fused to metal fixed prostheses has to be 
minimized and 3.) abutment teeth have a questionable 
prognosis. 
Preiskel1 feels that a fixed partial prosthesis is 
more rigid, and therefore preferable, but that preparations 
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• 
of multiple abutments with a common path of insertion may 
involve devitalization of several teeth. 
Contra-indications for the use of intracoronal 
precision attachments include: 1.) abutment tee t h with 
short clinical crowns, 2.) abutment teeth with small 
clinical crowns and 3.) abutment teeth with large pulps. 
A precision attachment offers the most efficient 
means of cross-arch splinting and bracing when a fixed 
splint is not possible, according to Cunningham3. He feels 
that a minimum of two-thirds of the attachment length is 
needed to obtain adequate retention • . Preiskel4 st ated 
that the length of the attachment is gover ned by the 
length of the clinical crown of the abutment and i s the 
most important factor in attachment retent i on and 
stability. He feels that small att achments with a 
circular cross-section are suit able only for joining t wo 
sections of a fixed prosthesis. The retention they 
provide and their resistance to wear are inadequat e for 
combined fixed-removable prostheses. For thi s reas on, the 
H-shaped precision attachment which has the greate s t 
amount of surf ace area was selected for use in t hi s s tudy . 
Schweitzer et al5 stated that when broken stres s 
--
partial dentures fail, the c ause is the unphys iologic 
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movement of the unattached lug in its rest which causes a 
pumping action on the abutment tooth on the fixed end. 
Since the attachments used in joining two or more 
fixed segments will not be subjected to the wear of 
constant insertion and removal, it is possible to use some 
of the smaller precision attachments for this purpose. 
However, there is no reason why a larger attachment should 
not be used as a connector, provided there is sufficient 
thickness to accommodate it within the normal contours of 
the tooth. 
The use of precision attachments in fixed 
prostheses accomplishes a very high degree of tooth 
fixation and can therefore be applied when splinting of 
mobile teeth is indicated. The modern precision attachment 
with its apposing contact plates and minimal tolerances 
of fitted parts is meant to fix the teeth between their 
extremes and to prevent the abutment teeth from moving 
(Cohn6 ). 
Mumford? comments: "If the length of the span to be 
bridged is greater than normal or if the available occlus o-
gingival diameter of the panties is less than normal, an 
increase in stiffness of the alloy is necessary. As an 
alternative, a broken stress connector such as a 
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semi- or precision attachment may be used ." 
The development of precision attachments resulted 
from the need to provide stress-breaking elements in 
partial prostheses. The type of attachments used in semi-
fixed partial prostheses are of the rigid passive type. They 
all consist of a machined bar (patrix) which can slide 
accurately into a preformed channel (matrix), as described 
by Ray8 • 
Precision attachment appliances are exceedingly 
retentive, and it is therefore of the utmost importance 
that the most retentive restorations should be utilized. 
It follows that full crown preparations are usually the 
preparations of choice. 
In describing precision attachments, Cohn6 emphasized 
that the bottom of the female portion should be a f lat 
rest which thus will transmit vertical occlusal forces in 
the long axis of the tooth, which direction is best 
tolerated by the periodontal supporting structures. 
Johnston et al9 cautioned that the non-rigid connector 
--
should be used in fixed partial prostheses only when the 
span is short and the supporting structures are not 
unfavorably loaded. The need for a broken-stress joint 
is limited and whenever possible it should be bypassed in 
-5-
favor of a rigid co1U1ector. 
According to Kornfeld10 , the principle of splinting 
teeth in either unilateral or cross-arch relation is a 
necessary adjunct to the treatment of periodontally involved 
teeth. Fixation provides mechanical advantage and 
simultaneously restricts excessive tooth movements. 
Lateral support for the fixed partial denture is obtained 
by the length of the precision at tachments within the 
teeth. Whenever possible, the full length of the 
precision attachment should be used. 
A fixed partial prosthesis is, in principle, a beam 
(Smyd11). It therefore is subjected to stresses as a 
result of the masticatory forces which are placed on it. 
Dental resto1· ti ons may be subjected to unfavorable 
conditions under stress. The force applicat ion or loading 
is often impact in nature when a hard forei gn object is 
inadvertently interposed between the teeth during 
mastication. Alternate forces may produce metal fatigue 
which results in fracture of the prosthe s is. Mahler and 
Terkla12 found that any discontinuity such as a hole or 
notch in the ca ting or solder joint can di srupt an 
otherwis e uniform stress pattern and produce a ver y high 
stress within the vicinity of the discontinuity. The 
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precision attachment itself may be the focus of such a 
stress. They also pointed out that the weakest point in 
a fixed partial prosthesis is located in the solder joint, 
and that the tensile stress can be reduced most radically 
by increasing the depth dimen~ion of the solder joints . 
For determining load-carrying capacity, the 
effective span length of a fixed partial prosthesis is 
from the center of one abutment to the center of the 
other. When applied to precision attachments, the 
effective span length is from the center of the fixed 
abutment tooth to the center of the contact of the · 
attachment to the other abutment. Therefore, other 
conditions remaining constant, the load-carrying capacity 
of a fixed prosthesis with a precision attachment would 
be slightly greater than that of a fixed prosthesis of 
the same dimensions at the same location. 
The general locations and types of stresses as well 
as theoretical deformation and strain in dental bridges 
have been described by several authors11112 • Mahler and 
Terkla12 described qualitatively the types of stresses 
expected in a dental bridge consisting of two abutments 
in between which a pontic was soldered. Brumfield13 
presented criteria for determining the load capacities of 
posterior bridges . 
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The general patterns of surface strain in fixed 
bridges was studied by Craig and Peyton14 using a brittle 
lacquer coating technique. In a later study, the same 
investigators15 applied forces of varying magnitudes at 
different locations on different fixed prostheses and 
measured the resultant deflection utilizing strain gauges 
affixed to different positions. 
It was obzerved by Smyd11 in studying bending moments 
of fixed partial dentures that semi-fixed partial dentures 
exhibited a higher degree of bending than was estimated 
for fixed partial dentures soldered at both ends. 
In their study of the effects of force on abutments 
using birefringent materials, El-Ebrashi et a116 
--
demonstrated that fixed partial dentures do not function 
in bending as a symmetrical beam, that the weakest part in 
posterior fixed partial dentures is the solder joint. In 
cantilever fixed partial dentures, a much higher stress 
pattern was concentrated at the fixed joint than soldered 
fixed partial dentures with abutments at bo th ends. 
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Materi al s and Methods 
The following test model was designed and fabricated 
in this laboratory and provided accurate recordings of 
the two systems under investigation. Essentially the 
assembly consisted of cast fixed partial dentures, strain 
gauges in a Wheatstone bridge and a paper recorder. 
Forces applied from different directions and of various 
locations and magnitudes caused di 0 tortion of the 
castings which activated the strain gauges, resulting i n 
deflections on the paper recorder. 
The Fixed Part i a l Denture With A Precision At t achment : 
The l eft s econd bi cuspid and l eft second mol ar 
* ivorine teeth of a mandibul ar dental mannequin were 
prepared for full coverage r estorations , us i ng a s light 
chamfer preparation ( see Figure 1). The distal proximal 
surfac e of the second bicuspid contained a box t o create 
additional space t o accomodate a precision at tachment 
wi thin t he normal confines of the tooth ( Fig . 2 , 3). Full 
•Columbia Dentoform 
-9-
Fig. 1. The Columbia Dentoform test model 
with the prepared abutment teeth. Note the 
bolt s in lingual area to secure the model. 
-10-
Fig. 2. Occlusal view of bicuspid wax 
pattern containing female portion of precision 
attachment within normal tooth contour. 
-11-
Fig. 3. Proximal view of bicuspid wax pattern 
containing female portion of precision 
attachment. 
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crowns without veneers were waxed on the prepared teeth 
establishing a normal contour and to an acceptable plane 
of occlusion. The wax pattern of the molar pontic was 
attached to that of the molar abutment to eliminate the 
vari able of a second solder joint. 
• The female component of a precision attachment was 
placed in the distal portion of the bicuspid wax pat tern 
•• 
using a dental surveyor to insure the correct path of 
insertion (Fig. 4). The bicuspid wax pattern was sprued, 
••• invested with Beautycast and subsequently cast in 
•••• gold according to the manufacturer's directions. The 
casting was cleaned, treated with a pickling agent and 
polished, after which it was reseated on the abutment 
tooth and checked f or an accurate f it. 
The s urveyor was used to confirm that no di s tort ion 
had occured during the c as ting proceedure and then the 
male component of the attachment was plac ed in the female 
receptacle and incorporated into the pontic wax 
• Ney-Loe Precision Attachment with Iridium-Pl atinum 
Female , J.M.Ney Co. 
•• Ney Dental Surveyor 
••• Beautycast 
**** F1·rm1·1ay Type III J elenco Inc NY , . , . . 
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Fig. 4. (Full length of iridium-platinum 
female immediately after placement using 
surveyor.) The female portion of the 
precision attachment waxed in place. To 
insure proper path of insertion a 
surveyor was utilized. 
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pattern (Fig . 5). The molar-pontic wax pattern was sprued , 
invested and cast using the aforementioned procedure. The 
bridge was then assembled on the model to verify i ts 
accuracy. The exces s occlusal portion of the attac hment 
was reduced to conform to a norma1 plane of occlusion . 
The Fixed Partial Denture With A Solder Joint: 
The same model and abutment teeth were used to wax 
gold crowns without the precision attachment incorporated . 
Compound indices of the semi-fixed bridge served as a 
template to copy occlusal pattern and contour as ex ctly as 
possible. The wax pattern of the pontic was joined t o 
that of the molar, and all wax pat terns were sprued , 
• invest ed, cas t in gold and polished as previously 
de s cr ibed . 
Then the castings were placed on the abutment teeth , 
luted together wi th Duralay, removed from the model, 
•• • •• invested in a refractory material , and s oldered 
• 
After cooling , the bridge was cl eaned , finished ru1d poli shed . 
• Firmilay Type III 
•• Rand R Gray Investment 
••• Ney ~older# 15 
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Fig. 5. Full length of male portion of 
precision attachment waxed to pontic. Note 
the fact that pontic and molar are waxed as 
one unit. They will be cast accordingly. 
-16-
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Semiconductor Strain Gauges: 
The basic sensing device was a semiconductor strain 
• gauge connected to a Wheatstone bridge. The strain gauges 
were cemented to the buccal surfaces of each unit of the 
soldered bridge and each unit of the bridge with the 
precision attachment (Fig. 6). The voltage change 
produced by deforming the strain gauge under force 
application was amplified and this signal was fed into a 
•• paper recorder • The power supply consisted of a 1.5 V. 
battery. 
Identical indentations were made with a round 
number six friction grip bur at predetermined locations on 
the occlusal surfaces of each unit of each bridge (se e 
Fig. 6). The buccal surfaces of al l crowns were made flat 
to minimize the amount of strain introduced during 
••• 
cementation of the strain gauges. A special adhesive 
was used to cement the strain gauges to the sandblasted 
buccal surfaces of all crowns , and allowed to set for 
twenty-four hours at room temperature . 
• Baldwin-Lima-Hamilton, Inc . Waltham, Mass. 
•• Hewlett-Packard, 2 channel recorder, model #711 B, 
Pepsico Electronics Corp . Lexington, Mass. 
••• Baldwin-Lima-Hamilton EPY-150 , Waltham, Mass. 
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Fig. 6. Semiconductor strain gauges cemented 
to each unit of the bridge. 
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Three holes were drilled in the lingual area of the 
model and bolts were used to attach it to a three-quart er 
inch section of cherrywood. Any voids on the undersurface 
of the model were filled with quick-cure acrylic. The 
board was then attached firmly to the bench by two heavy 
duty C-Clamps. It was ascertained that the model system 
was rigid, and did not move at all when a force was 
applied. The bridge with the precision attachment was 
cemented to the abutment teeth with zinc phosphate cement . 
The cement was allowed to set and the excess removed. The 
test model after being connected to the electronic 
circuitry was then ready for measurements (see Fig . 7). 
Recording Proceedure: 
Forc es of varying magnitude were applied using a 
* forcemeter to preselected locations on the occlusal 
surfaces and in a predeterminded sequence (see Fi g . 8). 
The instrument was provided with a s ca l e and the end was 
cone- shaped and conformed with the indentations on the 
occluGal surface ( Fig . 9). 
Firstly a force of ten units was applied in an axial 
di rection t o the points 1-5 and 17 of the semi- fixed 
* Model DPD- 50 , Chatillon and Sons , N. Y., N.Y. 
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Fig. 7. Alligator clips connected the strain 
gauges to the paper recorder . Note that in 
t his i nstance , the molar abutment was 
r ec orded . 
- 20-
• 
r 
12 11 10 9 8 7 8 
5 18 4 3 15 2 17 14 I 
!ig. 8. Schematic drawing of the occlusal 
surfaces of the bridge. The numbers indicate 
the locations where force was applied. On 
locations 1, 2, 3, 4 and 5 a vertical force 
was applied. A buccal deflec tion was 
recorded when the points 6 , 7, 8, 9, 10, 11, 
12 and 13 were subjected to stress under an 
angle of 30 degrees. Simil arly a lingual 
deflection was simulated when loc at ions 14, 
15 and 16 were activated . A vertical force 
on the attachment or solder joint was 
recorded at point 17. 
-21-
,Fig. 9. This photograph demonstrates the 
method of force application. Note cone-
shaped end of force-meter conforming with 
indentations in the occlusal surface. 
-22-
Fig. 10. Operator applying force in an 
axial direction to specific locations 
on the occlusal surface. 
-23-
Fig. 11. Operator applying force in a 
lingual direction. 
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bridge (see Fig. 8, 10). Subsequently, the same force was 
applied at an angle of approximately 50 degrees in labial 
direction to the points 6-13 (see Fig. 8) and in lingual 
direction to the points 14-16 ( see Fig. 8). 
During this procedure, the strain gauge cemented to 
the molar abutment was connected to the recording system. 
All deflections were recorded on a paper recorder running 
at a speed of 0.2 inch/second. The locations to which 
the force was applied were identified by the operator and 
numbered accordingly at the corresponding deflection on 
the graph paper by a second person . After completion of 
this step, the strain gauge of the pontic was connected to 
the recording device and the procedure repeated. Finally, 
the bicuspid was connected and the same steps were 
executed. 
A similar sequence of testing was carried out using a 
force of 20 units, follo wed by a force of 40 units. All 
recordings were performed twice to check for duplicability . 
In the second instance , the s oldered bridge was 
tested under the same conditions . The bridge with the 
precision attachment was cut off, taking care not to 
damage the abutment teeth. The model was cleaned of all 
cement and th J sol ered bridge was cemented . 
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A similar procedure was followed and result ed in the 
same amount of recordings . All d~t a were mounted on 
cardboard and analyzed. 
-26-
Results 
In the test system, different amounts of force were 
applied at predetermined locations (see Fig. 8) in specific 
directions, i . e. apic al , labial and lingual. The 
deflections that resulted from the force application were 
recorded on a paper recorder , and the amount of 
deflection computed for each force application. The data 
were then transferred to graph paper for comparison (see 
accompanying graphs 1-9). In addition, verification of 
dependability was ascertained by testing the same 
experimental model twice by one operator and also by a 
second operator (Graphs 10-12). The 1·ecordings are 
identified by the location of the strain gauges, i.e., 
bicuspid reading indicates that the recorder was connect ed 
to the strain gauge on the bicuspid abutment during the 
force application. 
A comparison of the three graphs of the bicuspid 
readings ( Graphs 1-3) reveals a general patt ern of 
similarity. The most notabl e diff erences between the two 
bridges occurred when the recorder was connected to the 
strain gauge on the bicuspid when th e forces was applied . 
For example, the apical force on the mesial pit of t he 
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bicuspid, the labial force, and the lingual force. At 
these locations the same force produced a noticeably 
greater deflection in the semi-fixed bridge, and the 
greater the force, the more the deflection (see graphs 
1-3). Forces applied to the pantie and molar generally 
cause less deflection in the semi-fixed bridge when the 
gauge was on the bicuspid. 
A comparison of the readings on the pontic evidenced 
a similar pattern, the difference being that the greater 
force usually caused a greater deflection. Forces 
applied to the bicuspid caused little or no deflection 
when the gauge was on the pontic. Forces applied to the 
pontic and molar elicited slightly greater deflections in 
the semi-fixed bridge . 
A comparison of the molar graphs showed the results 
to be generally similar except to a lesser de gree. Again, 
the force applied to the bicuspid caused little or no 
deflection in the semi-fixed bridge . There was no 
remarkable difference when force was applied to the molar. 
Results of the test to verify accuracy revealed 
almost identical graphs when the same operator applied the 
force, and closely similar results when a second operator 
applied the force (Graph 10-12). These results wer e also 
similar to the results of the experimental model sy s tem . 
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Discu~sion 
A comparison in for ce dis tri but ion was made between 
a soldered three unit br i dge and a three unit br i dge 
containing a precision attachment . The re sul ts are in 
agreement with the gener al cons ensus about precis ion 
attachments, namely; if not absolut ely necessary, avoid the 
appl i cation of semi- and preci s ion attachments . 
In specific cases, they may be required however, and 
one common indicat i on i s when there i s a lack of a common 
path of insertion wit hout jeopardi zing toot h vitali t y. 
Since the fixed abutment tooth in a s emi-fixed br i dge 
bears mos t of the occlusal and lateral fo r c es on t he pontic, 
the utilization of a s emi- fixed attachment appears t o be 
a les s favorabl e a l ternative than intentional devitali zation 
in cases wi t h non-paral lel abutments . 
Thi s would be even more imnortant in b al anc ed 
• 
occlusions than in ~utually ( cuspid protec ted) occ l us i ons 
because of the increased stress i n lateral excursions . 
One of the l imitat i ons of porcelain fused t o gol d fixed 
prostheses is the enhancing potential t o fracture with an 
i ncr ease ·n span length. I n long span por c elain fused to 
gold fixed prostheses2 , the use of semi- or precision 
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attachments should preferably be restricted to the inter-
proximal space between two adjacent abutment s , rather than 
talcing advantage of the space of the pontic area which 
would more easily invite flexion and possible fracture. 
Abutment teeth with questionable prognoses might derive 
more support from a telescopic crown with an auxiliary 
screw attachment than from a semi-fixed attachment. Graphs 
#1-3 demonstrate the previous statement that lateral forces 
cause a considerable deflection with precision attachment s . 
Preiskel1 feels that a fixed partial prosthesis is 
more rigid than a semi-fixed partial prosthesis and there-
fore preferable. The lack of force transmission through 
the semi-fixed attachment that was shown in this study 
(graphs 1,2,3; locations 6 ,7) tends to substantiate that 
opinion. The greater deflection in the semi- fixed bicuspid 
when vector forces were placed on it indicates that le ss 
force is distributed throu~h the attachment to the other 
abutment. This implies that with ~reater forces , the 
abutment furthest away fr om t he precision attachment will 
undergo a rotational movement rather than a buccal movement . 
Cunningham3 and Cohn6 favor the preci ion attachments 
as the most effici ent means of cross-arch stabilization if 
fixed splinting is not possible. The disparity of force-
caused displacement between the two bridges in the study 
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(Graphs 1-3) indicates that less force is transmit t ed 
through the precision attachment than through the s older 
joint. It follows then that the abutment housin~ the 
female part of the attachment has l ess of the force on it 
dissipated through the attachment. Conversely, forces on 
the pontic are transmitted mostly to the abutment with the 
fixed attachment which must bear the forces on itself as 
well. The efficiency of cross-arch splinting utilizinG 
precision attachments appears to be less than originally 
thought. 
There is a consensus of opinion tha t the full length 
of the attachment should be utilized for maximum 
eff iciency. The precision attachment used in the study had 
to be reduced by approx imately one-third of its length 
however, to be accommodated within the normal crovm cont our. 
Use of the total length would be possible only in extremely 
long teeth, such as have been treated periodontally . Such 
teeth make les s than ideal candidates for U"'e with precision 
attachments because of the diminished osseous ~u port and 
adverse crown- root ratio. 
Mumford? r ecommends use of a semi- or precision 
attachment in long-span fixed partial ro~these ~· , ruid in 
fixed prostheses with small occ l us ogi ngival pontic de th . 
In view of the added stress on the attached abutment shown 
' ~ 
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in this study, use of precision attachments in this c ase may 
jeopardize that abutment, because the longer the span, the 
longer the rotational lever effect on the attached abutment. 
Johnston et al9 cautioned against using non-rigid 
--
connectors in fixed partial prostheses except in cases when 
the span to be bridged is short and the supporting structures 
will not be unfavorably loaded. He further commented that 
the need for a broken-stress connection is limited and 
whenever possible, it should be bypassed in favor of a rigid 
connector. The test results corroborate this view. They 
indicate that the semi-fixed bridge has greater movement 
than the soldered bridge and that the pontic can act as a 
lever arm on the attached abutment. Therefore the longer 
the pontic span, the less favorable the stresses which can 
be transmitted to the fixed abutments. 
Smyd
11 
remarked on possible unfavorable forces placed 
on a fixed partial prosthesis during function and its 
similarity to the forces on a suspended beam. The greater 
deflections evident when forces were placed on the pontic 
in each bridge , although greater in the semi- fixed bridge , 
demonstrate the similarity to the reaction of a beam when 
force is placed on it. 
Mahler and Terkla12 found that any discontinuity in a 
casting or solder joint can disrupt a uniform stress pattern 
• 
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and produce a high stress in the area of the defect. There 
was no evidence to support or deny that findine as relat d 
to the soldered bridge and obviously this did not apply to 
the precision attachments in this study. 
Studies utilizing birefringent material imit ating a 
semi-fixed bridge have shown a focus of stress concentration 
I 
in the area of the solder joint to the attached abutment16 • 
It should be noted that the disparity in deflection 
between the two bridges was generally negligible when the 
force was vertical or apically directed • . The most prominent 
difference occurred when a lateral vector force was placed 
on the bicuspid abutment (se e graphs 1-3, loci 6,7). There-
fore, use of precision attachment may not b e contra-
indicat ed in partial prosthese s if t he only force pl aced on 
the bridge will be vertical, s uch as the mutually protected 
occlusions , where anterior di s clus ion prevents lateral 
forces on the posterior teeth during lateral excursions. 
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Summary and Conclusion 
A study was done comparing a fixed partial prosthesis 
and a semi-fixed partial prosthesis containing a 
precision attachment when identical occlus al force s were 
placed on them. The resultant deflections were recorded, 
measured, placed on graphs, and analyzed. 
Interpretations of those results indicate that there 
are some misconceptions conc erning their dependability 
under certain circumstances. The results indicate that 
there is some looseness in the precision attachment dur ing 
function, which was shown as diminished force transmi ssion 
through the precision attachment. This was interpreted to 
mean that force on the abutment containing the f emale 
would be almost exclusively borne by that abutment; con-
versely, forces on the pontic have to be absorbed by t he 
attached abutment, which may shorten its prognosis . This 
effect was negligible during vertical force appl i cat ion, 
but became more noticeable when vector force s were applied . 
In conclusion, the results were construed as a 
warning that precision attachments have very defini t e 
limitations and that alternative methods of therapy should 
be considered first. 
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